The Southern Thomson Project was established to develop a better understanding of the geology and mineral potential of the southern Thomson Orogen. One way in which the Southern Thomson Project is improving this understanding is through the collection of seismic refraction data at 16 greenfields sites to assess the cover thickness (i.e. the amount of regolith and sedimentary basin cover overlying the basement geology). Seismic refraction data were collected using a standard linear array with 48 geophones and a 40 kg propelled weight drop as the energy source. An estimate of the cover thickness was produced from the refraction data using the time-term inversion method. This resulted in the creation of a three-layer model for each site, which accounts for the layers associated with the regolith, sedimentary basin cover and the basement geology.
INTRODUCTION
The Thomson Orogen is an inferred Paleozoic orogen in the north-east of Australia that is interpreted to extend across northwestern New South Wales, northeastern South Australia, southeastern Northern Territory and much of central Queensland (Figure 1 ). The Thomson Orogen has an inferred spatial extent of ~1,150,000 km 2 of which only ~15,500 km 2 (~1.4%) exists as outcrop (Stewart et al. 2013) . Outcrop occurs mainly in central and northern Queensland and consists of metavolcanic and metasedimentary sequences and granitic batholiths interpreted as Neoproterozoic to Devonian in age (Purdy et al. 2013) . Several small outcrops also occur in the southern Thomson Orogen as small granitoid bodies that are exposed along the Eulo Ridge, which is a basement high covered by sedimentary rocks of the Eromanga and Lake Eyre basins.
The vast majority of the orogen is buried beneath younger sedimentary basins (some up to several kilometres thick) and regolith cover. As a result, the Thomson Orogen is one of the most poorly understood regions of Australia's geology, with a mineral potential that is also poorly understood.
The Southern Thomson Project is a collaborative project between Geoscience Australia, the Geological Survey of New South Wales and the Geological Survey of Queensland. The project focuses on the southern Thomson Orogen (project area shown in Figure 1 ) with the aim to improve the understanding of the basement geology, cover sequences and mineral potential in the area, thereby reducing the risk of undercover greenfields exploration through the identification of areas that are prospective for mineral exploration. This work supports the UNCOVER Initiative (UNCOVER, 2012) by addressing the 'depth and character of cover' science challenge, with the aim of investigating the depth to potentially prospective basement.
As part of the Southern Thomson Project, a number of pre-competitive stratigraphic drill sites have been identified that will inform on the basement geology and potential mineral systems that may exist in the area. Prior to the drilling program, several ground geophysical techniques were applied in order to estimate the cover thickness, including seismic refraction, passive seismic, audiomagnetotellurics and electrical resistivity imaging. The focus of this abstract will be on the seismic refraction technique and how it was applied at 16 greenfields sites.
METHOD AND RESULTS
Seismic refraction data were acquired at 16 sites using a standard linear array of four cables with a total of 48 geophones at 5 m spacing, resulting in a 235 m spread. Two Geometrics Geodes (a master and slave) translated the geophone (Longet LGT 4.5 Hz) signals to a laptop operating Seismodule Controller Software. The P-wave seismic signal was generated by a Propelled Energy Generator (R.T. Clarke Companies, Inc. PEG-40) that uses an elastomer band to propel a 40 kg weight onto an impact plate.
Multiple propelled weight drops were stacked together to provide a single record with the recording automatically triggered by a sensor on the impact plate. The signal was recorded at a sample interval of 0.2 ms for a total record length of one second.
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Propelled weight drops were performed at increasing distances from the spread (typically at 50 m intervals) until a basement refractor was observed (basement being defined as P-wave velocities of > ~4.0 km/s). To achieve signal propagation at increasing distance from the seismic spread, and to produce adequate signal-to-noise ratios for first-break arrivals, it was necessary to stack a high number of propelled weight drops (up to 40 for the furthest off-end shots). With a high number of stacks it was possible to record a clear signal up to 1000 m from the spread. Beyond this distance the signal was not discernible from the noise. The locations of the geophones and the propelled weight drops were recorded with a high level of precision using an Altus APS-3 real-time kinematic global positioning system.
The seismic refraction records for each site were imported into Pickwin version 5.1.1.2 software, part of SeisImager/SW TM software suite (Geometrics, Inc.). Pickwin software was used to pick the first-breaks for each seismic refraction record. An example of the first-break picks for one site is shown in Figure 2 as a combined time-distance plot. When a change in velocity was noted, those firstbreak picks were assigned to a different layer (Figure 3 ).
An estimate of the cover thickness was produced from combined time-distance plots using the time-term inversion tool in Plotrefa version 3.0.0.6 software. The time-term inversion tool was used to produce a three-layer velocity model based on the first-break picks made in Pickwin. The time-term inversion tool employs a linear least-squares approach to determining the best discrete-layer solution to the data (Scheidegger and Willmore 1957; Willmore and Bancroft 1960; Berry and West 1966) . An example velocity model from a site is shown in Figure 3 .
Time-term inversions were carried out on the refraction data from all 16 sites visited in the southern Thomson Orogen. The resulting velocity models were collated to discern the variation in velocities for each layer and in the depth of each layer in the model. For all sites, the velocities associated with layer 1 ranged from 0.4 -1.5 km/s, layer 2 ranged from 1.7 -2.4 km/s, while layer 3 ranged from 3.9 -5.8 km/s.
The velocities for layer 1 are consistent with those expected for regolith, layer 2 velocities are consistent with porous sediments and layer 3 velocities are consistent with a range of low-porosity sediments and igneous and metamorphic rock types (Dentith and Mudge 2014) . The cover sequences throughout the southern Thomson Orogen are expected to be a combination of regolith and Eromanga Basin sediments, which are accounted for by layers 1 and 2 respectively. Therefore, layer 3 is interpreted as the basement geology in each case. Cover thicknesses encountered range from < 100 m to > 200 m. At the deepest sites cover thickness was such that the required off-end shots could not be performed because the Propelled Energy Generator could not generate enough energy to generate sufficient signal to be received above the background noise.
The reliability of the calculated velocity models, and hence the reliability of the cover thickness estimates using the time-term method, are dependent on the quality of the refraction data as well as the character of the cover and basement. High-quality refraction data with a high signal-to-noise ratio produces reliable, unambiguous first-break picks. However, because the time-term inversion approach makes several assumptions such as the propagation velocity for each direct arrival and refractor is constant, and that the velocity of each layer increases with depth, the results must be treated with caution as it is not possible to know for sure that the assumptions used in the inversion are consistent.
Further work will include deriving cover thickness estimates from the seismic refraction data using the reciprocal method (Hawkins 1961; Palmer 1980 ) and the tomographic method (Zhang and Toksoz 1998) . Both methods will be undertaken using the SeisImager/SW TM software suite. These results will be compared against the drilling and form part of an explorer's guide for the region.
CONCLUSIONS
The successful collection of seismic refraction data at 16 sites in the southern Thomson Orogen in New South Wales and Queensland has allowed for cover thickness estimates to be derived using the time-term inversion method. In each case, seismic refractors relating to the regolith, porous sediments and basement geology were interpreted based on their velocities, often with all of these interfaces being identified at each site. By providing cover thickness estimates a new understanding of the depth to potentially prospective basement rocks has been achieved. This reduces the geological and financial risk of drilling at these locations and also provides explorers with a guide to which areas are more likely to be economically feasible for exploration. 
